




I. INTRODUCTION 

A co l l abora t ive  study t o  address  the  p o t e n t i a l  impact of ocean 
thermal energy conversion (OTEC) opera t ions  t o  f i s h e r i e s  was i n i t i a t e d  
between the  Off ice  of Ocean Minerals and Energy (OME) and the  National 
Marine F i she r i e s  Service (NMFS) i n  June 1982. Since then, severa l  sub- 
s t u d i e s  descr ib ing  the  OTEC opera t ing  condi t ions,  the  compilation and 
syntheses  of pe r t inen t  b io log ica l  and f i s h e r y  information, syntheses  of 
information on entrainment I impingement biocides ,  n u t r i e n t s ,  t r a c e  metals 
and at t ract ion-avoidance e f f e c t s  have been completed. 

This r epor t  documents t he  p o t e n t i a l  impact of OTEC opera t ions  on 
f i s h e r i e s  based OD the  var ious substudies .  

11. OPERATING CONDITIONS 

The bas ic  requirement f o r  an OTEC p lan t  i s  an adequate temperature " 

d i f f e rence ,  an annual minimum d i f f e rence  of 20"C, between the  su r face  water 
and water a t  a depth of about 1,000 m. 
su r f ace  provides heat which i s  t r ans fe r r ed  through a heat  exchanger t o  a 
working f l u i d .  
p ressure  vapor i s  used t o  d r i v e  a tu rb ine  t o  produce e l e c t r i c i t y .  
water pumped from the  deep condenses the  subsequent low-pressure vapor i n  a 
second heat  exchanger, and the  working f l u i d  i s  then pumped back and 
recycled. 
where it w i l l  be least harmful t o  the  environment (Uchida 1983). 

Warm water drawn from the  ocean's 

The working f l u i d  i s  evaporated and t h e  r e s u l t i n g  high- 
Cold 

The mixture of warn and cold water is discharged a t  a depth 

A. OTEC S i t e s  

Areas of a minimum d i f f e rence  of 20°C between sur face  and deep water 
can be found year  round over a v a s t  expanse of the  oceans i n  the t r o p i c s  
between lat. 20°N and 20'5. However, sites t h a t  would provide maximal 
usage by an OTEC plant  would be governed a l s o  by o ther  c r i t e r i a ,  such a s 3  
bottom topography and p r o f i l e ,  t i d a l ,  wind-driven and i n e r t i a l  cu r ren t s ,  
mass t ranspor t  by waves, c l ima t i c  condi t ions,  and economic zone considera- 
t i ons .  
waters where the  economic tones of two o r  more count r ies  overlap,  but w i l l  
not be a concern t o  shoreside o r  nearshore f a c i l i t i e s ,  which w i l l  be wel l  
wi th in  the zone. 

The last  could a f f e c t  the  placement of f l o a t i n g  p l an t  sh ips  i n  open 

Uchida (1983) l i s ts  a number of places t h a t  would be adequate f o r  
poss ib le  land-based OTEC f a c i l i t i e s  i n  the Pac i f i c .  These include the  
Hawaiian I s lands ,  Cabras I s land  of f  Guam, Manila, t he  Republic of Nauru, 
Taiwan, Mexico, French Polynesia,  and New Calendonia. Hoss e t  a l .  (1983) 
list Puerto Rico and the  Virgin I s lands  as poss ib l e  l o c a l i t i e s  t h a t  would 
be access ib l e  t o  American corporat ions i n  the  Caribbean Sea. 
these l o c a l i t i e s  one o r  more sites were i d e n t i f i e d  as being s u i t e d  for  OTEC 
operat ions.  

A t  a l l  of 

S i t e s  f o r  e a r l y  U.S. development of OTEC p lan t  opera t ions  have been 
narrowed t o  Kahe Point ,  Oahu, Hawaii near the O'OTEC benchmark sites (Fig. 1) 
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t he  Caribbean. I n  
from shore.  

i n  the  P a c i f i c ,  and southeas te rn  Puerto Rico (Fig.  2) i n  
both p laces  depths  of 1,000 m are  loca ted  wi th in  3.8 mi 

B. S i t e  Cha rac t e r i s t i c s  

3 1 .  Xemperature, s a l i n i t y ,  and dens i ty  p r o f i l e s  

Off Kahe Point the su r face  temperature v a r i e s  from 24.h°C i n  w i n t e r  t o  
26.9"C i n  summer and has a range of 51.2"C i n  both seasons. The temperature 
ranges from 5.2 t o  5.5"C a t  700 m and i s  about 4.2' a t  1,000 m, 
the  sur face  mixed l aye r  v a r i e s  from 10 t o  140 m, and the  most probable depth 
v a r i e s  from 40 t o  100 m. 
i n  winter .  The s a l i n i t y  near  the  sur face  i s  about 34.84 ppt ,  and a s a l i n i t y  
maximum of 35.10 ppt i s  a t  a depth of 108 t o  125 m and a s a l i n i t y  minimum of 
34.15 ppt a t  a depth of 450 m, 
temperature,  but  s a l i n i t y  v a r i a t i o n  has some e f f e c t  e spec ia l ly  because the  
s a l i n i t y  maximum occurs near  t he  thermocline (Ditmars and Myerl). 

The depth of 

The mixed Payer i5 shallowest i n  summer and deepest 

The dens i ty  p r o f i l e  i s  dominated by the  

Off southeas te rn  Puerto Rico the temperature v a r i e s  from 26,2"C i n  
winter  t o  29.2'C i n  summer and has a range of 21.5"C i n  both seasons. It  
is  7.9"-8.Z°C a t  700 m and 5.3"C a t  1,000 me The depth of the mixed l aye r  
varies from 10 t o  140 m. The s a l i n i t y  is about 35.1-36.1 ppt a t  t h e  sur-  
face ,  and 36.7 ppt  a t  100-175 m; a s a l i n i t y  minimum of 34.9 ppt i s  a t  700- 
900 m (Ditmars and Myers footnote  1 ) .  

2. Currents  

Being combinations of t i d a l  cu r ren t s ,  geostrophic  flow, and wind- 
These dr iven  c u r r e n t s ,  the cu r ren t s  of f  Kahe Point are f a i r l y  complex. 

cu r ren t s  are highly v a r i a b l e  i n  magnitude and d i r e c t i o n .  The semidiurnal 
t i d a l  cu r ren t  i s  20-30 cm/s, the d iu rna l  t i d a l  cur ren t  i s  10-20 cm/s, the  
geos t rophic  flow i s  about 15-25 cm/s, and the  wind-driven cur ren t  ranges 
from 9 t o  10  cm/s. The f lood-t ide cur ren t  and wind-driven cu r ren t s  roughly 
p a r a l l e l  t he  shore l ine .  
l e s s ,  and the net  flow of the su r face  waters tends t o  be genera l ly  westward 
( D i t m a r s  and Myers footnote  1 )  

The mean flow i s  est imated t o  be about 10  cm/s o r  

I n  the  v i c i n i t y  of southeastern Puerto Bico, t he  cu r ren t s  genera l ly  
flow westward, p a r a l l e l  t o  the  shore l ine .  
10-40 cm/s i n  t h e  deep of fshore  waters (>l,OOO m> and s l i g h t l y  higher (ca.  
60 cm/s) near shore (Ditmars and Myers footnote  1). 

The mean cur ren t  is t y p i c a l l y  

' D i t m a r s ,  J. D., and E, P. Myers, National Marine F i she r i e s  Service 
Argonne National Laboratory and National Ocean Service,  Chicago, IL.  
Preliminary es t imates  of t he  range of opera t ing  condi t ions  expected f o r  
i n i t i a l  QTEC deployments. Manuscript prepared f o r  OTEC Program, Off ice  of 
Qcean Minerals and Energy, Washington, D.C, 
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Figure 2.--Bathymetry near  p o t e n t i a l  OTEC s i t e  a t  Punta Tuna, 
Puerto Rico (Su l l ivan  e t  a l . ,  1981). 

C. P lan t  Charac t e r i s t i c s  

1. Type, capac i ty ,  and dimensions 

General p lan t  c h a r a c t e r i s t i c s  f o r  OTEC a r e  addressed i n  Ditmars and 
Myers ( foo tno te  1 )  and a r e  b r i e f l y  summarized here. 
a r e  expected t o  be of the  closed-cycle type using ammonia a s  the  working 
f l u i d  (Pig.  3 ) .  
located on o r  near  shore o r  on bottom-mounted towers i n  about 100 m of 
water. A t y p i c a l  shore-mounted p l an t  might be made of four  10-MW u n i t s  and 
have horizonal  dimensions of about 100 m. Bottom-mounted p l an t s  (on towers) 
w i l l  u t i l i z e  the  space along the  v e r t i c a l  ex ten t  of t he  tower and thus will 
have hor izonta l  dimensions of about 50 m. The heat exchangers w i l l  be made 
of aluminum or  t i t an ium and biofoul ing w i l l  be con t ro l l ed  by per iodic  
ch lo r ina t ion .  

The f i r s t  OTEC p l an t s  

They w i l l  be small ,  about 40-MW and w i l l  probably be 
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WARM WATER INTAKE 
Depth: 20m 
FIow Rate:4rn/s per MW, 
Flow Velocities: 

Outside intake, 0.25-0.30m/a 
In pipe, 7.5- 2.5m/s 

At-2' 

Electric Power 

7 

c 

COLD WATER [NTAKE 
Depth: 750-1000m 
Flow Rate: 4m3/s  per MW, 
Flow Velocity: 1.5-2.5 m/s 
Water Temp: 5°C 

Depth: >30m 
Flow Rat e: 8 m3/s 
Flow Velocity: 1.5-2.5mIs 

Fignre 3.--Schematic diagram of a closed cycle 
OTEC system (Hoss and Peters 1983). 
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2. Operation 

8 Warm and co Id-water in takes  

The warmwater i n t ake  pipe w i l l  be 9.2 m i n  diameter and the  in t ake  
w i l l  genera l ly  be located between 10 and 20 m deep, depending upon the  s i z e  
of the  p l an t ,  The in take  s t r u c t u r e  w i l l  be modified so t h a t  the  ho r i zon ta l  
dimension w i l l  be l a r g e r  than the  v e r t i c a l  dimension t o  reduce t h e  in take  
ve loc i ty .  Thus, whereas the v e l o c i t y  of flow i n  the  pipes  w i l l  gene ra l ly  
be i n  the  1.5-2.5 m/s range, t h a t  ou ts ide  of t he  in take  s t r u c t u r e  w i l l  be 
0.25-0.30 m / s .  
A t  t h i s  €low r a t e ,  roughly 13.8 x lo6 m3 of water w i l l  flow through the  
warmwater i n t ake  i n  a 40 MW p lan t  each day. 

The t y p i c a l  warmwater flow r a t e  w i l l  be about 4 m3/s/MW. 

A sc reen  placed a t  the  in take  w i l l  prevent l a rge  organisms from 
enter ing  the water system and clogging the  heat ing pipes  i n  the  hea t  
exchangers. The screen mesh s i z e  i s  not  known; howevero following a 
genera l ly  accepted c r i t e r i o n  t h a t  mesh s i z e  should equal  ha l f  the  diametet  
of the  hea t  exchanger tube and based on t h e  pro jec ted  s i z e  of exchanger 
tubes p l a n t s ,  the  screen mesh s i z e  could be about 1.3 cm (Sands 1980). , 

The cold-water in take  pipe a l s o  w i l l  be 9.2  m i n  diameter and 915 m 
long, 
screen,  t he  water w i l l  be passed through a sump wi th in  the  p lan t  where a 
screen could be placed t o  s t r a i n  out the l a rge  ~ rgan i sms .  The cold-water 
flow r a t e  (4 m3/s) and the  ve loc i ty  of flow Fn the  pipe (1.5-2.5 m/s) w i l l  
be comparable t o  those i n  the  warmwater p ipe .  

Because the cold-water i n t ake  w i l l  be too  deep t o  monitor the  in t ake  

b. Discharge 

Most OTEC designs t r y  t o  l o c a t e  the  discharge so as t o  reduce t h e  
p o t e n t i a l  f o r  r e c i r c u l a t i o n  i n t o  the  warmwater in t ake  and depend on the  
dens i ty  of t he  e f f l u e n t  being g r e a t e r  than t h a t  w i th in  t h e  mixed l aye r  SO 

t h a t  the  e f f l u e n t  w i l l  come t o  equi l ibr ium below the  mixed layer. The 
discharge por t  o r  p o r t s  are usua l ly  the  open end of a round pipe d i r e c t e d  
e i t h e r  downward o r  ho r i zon ta l ly ,  o f t e n  wi th  a downward component. For 
nearshore p l an t s  t h i s  may involve the  use of discharge pipes leading 
offshore.  I n  deeper waters the  discharge w i l l  be located genera l ly  deeper 
than 30 m, most l i k e l y  a t  100 m, t o  avoid r e c i r c u l a t i o n  i n t o  the  warmwater 
i n t ake  pipe. 

The discharge flow r a t e  w i l l  equal the  in take  flow rates of both cold 
and warm water.  
1 5 O C  mixed d ischarge  water w i l l  be 280 m 3 / s ,  t h a t  i n  t he  open ocean, t h e  

For a 40-MW p lan t ,  Wang2 s t a t e s  t h a t  the  flow rate of the  

'Wang, D.-P. National Marine F i she r i e s  Service Argonne Rat ional  
Laboratory. 
Manuscript prepared f o r  OTEC Program, Off ice  of Ocean Minerals and Energy. 

A f a r - f i e ld  model f o r  r eg iona l  in f luence  of OTEC operat ion.  



near-f ie ld  e f f e c t  of the  e f f l u e n t  i s  charac te r ized  by a j e t  with high i n i -  
t i a l  speed (order  1 of m/s) and rap id  d i l u t i o n  (order  of 101, t h a t  the  far- 
f i e l d  e f f e c t  i s  charac te r ized  by a buoyant plume which w i l l  d r i f t  a t  about 
the  ambient ocean cu r ren t  speed and spread l a t e r a l l y  due t o  g rav i ty ,  and 
t h a t  the  t r a n s i t i o n  from a near - f ie ld  je t  t o  a f a r - f i e l d  plume typ ica l ly  
takes  p lace  a t  a d i s t ance  of a few hundred meters from the  plant .  

III, FACTORS THAT MAY AFFECT FISHERIES 

The OTEC opera t ion  w i l l  withdraw l a r g e  volumes of warm and cold 
water. 
on the  in t ake  screens ,  primary entrainment of organisms through the OTEC 
p l an t ,  and t h e  de l e t e r ious  e f f e c t s  of the  discharge on the  environment 
(secondary entrainment).  The type and degree of impact w i l l  depend l a rge ly  
upon the  loca t ion  of t he  in take ,  the  r a t e  of withdrawal, and t h e  dens i ty  of 
organisms at. the  in t ake  and discharge.  In  genera l ,  phytoplankton, zooplank- 
ton,  and micronekton can be expected t o  s u s t a i n  maximum e f f e c t s ,  whereas the  
nekton w i l l .  s u f f e r  l e s s e r  e f f e c t s ,  Those f i s h  whose e n t i r e  l i f e  stages, * 

from zooplanktonic t o  nektonic,  occur a t  the  in take  depths w i l l  be sub jec t ed '  
t o  impingement and entrainment e 

The major impacts of t h i s  withdrawal a r e  impingement of organisms 

A, Impingement 

Impingement occurs when organisms too  l a rge  t o  pass through the  
in t ake  screen  a r e  pul led  aga ins t  i t  and a r e  unable t o  escape due t o  the  
force  of t he  withdrawn water. Screen mesh s i z e ,  biomass concentrat ions,  
and volume of water c i r c u l a t e d  a r e  primary f a c t o r s  of impingement. 
f i s h e s ,  body length i s  usua l ly  t h r e e  times the  body depth,  so t h a t  f i s h  
l a r g e r  than about 4 cm long and wi th  Limited avoidance c a p a b i l t i e s  may be 
impinged on the  in t ake  screens.  
impinged a t  smaller  s i z e s .  

I n  most 

Those with deeper o r  wider bodies w i l l  be 

The only ava i l ab le  information on the  dens i ty  of f i s h  t h a t  i s  usable  
t o  estimate the  e f f e c t s  of OTEC operat ion i s  from midwater trawl tows. 
Based on such da ta  from an a r e a  f a r t h e r  o f f shore  (10-25 km) and t o  t h e  
nor th  of Kahe Point (Maynard e t  a l ,  19751, Sands (19801 estimated t h a t  130 
kg of micronekton would be impinged d a i l y  i n  the  warmwater screen and 82 kg 
i n  the  cold-water screen,  i n  a 40-MW plant .  Since f i s h  comprised 51.9% i n  
weight of t he  micronekton s tanding s tock  (Maynard e t  a l .  19751, t he  esti- 
mated biomass of f i s h  impinged would be about 6 7  kg per day on the  warm- 
water screen  and 43 kg pe r  day on the cold-water screen.  

B. Primary Entrainment 

Marine organisms small  enough t o  pass through the  1.3 cm in take  
screen (Sands 1980) w i l l  be en t ra ined  i n  the  seawater flowing through the  
heat  exchangers and be exposed t o  var ious stresses r e s u l t i n g  from rapid  
changes i n  temperature and pressure,  abrasion and c o l l i s i o n  wi th  
s t r u c t u r e s ,  and exposure t o  biocide and o the r  t ox ic  substances t h a t  might 
r e s u l t  from plan t  operat ion.  



1. Temperature 

Organisms passing through the  OTEC p lan t  w i l l  be exposed t o  cold and 
1 warm thermal e f f e c t s ,  F i sh  eggs and la rvae  en t ra ined  i n  the warmwater 

in take  pipe w i l l  be exposed t o  sudden cooling as t h e  warm in take  water  

as the  mixed water (about 15°C) i s  u l t ima te ly  discharged a t  a depth of 
about 100 m. A t  Kahe Poin t ,  t he  ambient temperature a t  t h i s  depth  i s  21- 
24°C (Noda et a l .  1981). The en t ra ined  f i s h  eggs and la rvae  thus  w i l l  be 
exposed t o  success ive  changes i n  temperatures of -11°C a t  mixing and +6"- 
9°C a t  discharge.  
b r i e f  ((1-2 min),  t he  cold shock of -11°C may be l a rge  enough t o  cause f i s h  
larvae and j u v e n i l e s  t o  lose  equi l ibr ium and thus  become suscep t ib l e  t o  
increased preda t ion ,  and eggs and l a rvae  t o  s u f f e r  m o r t a l i t i e s .  

< 

1 ( 26°C) i s  mixed wi th  the  cold in t ake  water (5-7"C), and t o  sudden warming 
.1 

Although t h e  exposure t i m e  i n  t h e  mixed water w i l l  be 

S u s c e p t i b i l i t y  t o  increased preda t ion  has been found f o r  j uven i l e  
channel c a t f i s h  exposed t o  cold shocks of -6°C or  more (Coutant e t  al. 
19761, and young b l u e g i l l  exposed t o  cold shocks of -9°C (Wolters and 
Coutant 1976).  Juven i l e s  of American shad accl imat ized a t  21.1"C su f fe red  
m o r t a l i t i e s  of 90 and 100% when exposed t o  cold shocks of -8.3" and 
-13.9"C, r e s p e c t i v e l y  (Tagatz 1961); mature a lewife  accl imat ized a t  21°C 
su f fe red  30 t o  100% m o r t a l i t i e s  when exposed t o  cold shocks of -10.5' t o  
-16°C (Otto e t  a l .  1976) ,  and shad t h a t  had l o s t  equi l ibr ium from cold 
shock f o r  12 s before  being re turned  t o  warm water suf fered  as much as 32% 
m o r t a l i t y  ( G r i f f i t h  1976).  Although these  were a l l  f reshwater  f i s h ,  
s i m i l a r  e f f e c t s  could p reva i l  among marine species .  

F ish  eggs,  larvae, and juven i l e s  en t ra ined  i n  the cold-water i n t ake  
pipe w i l l  be exposed t o  sudden warming of + l O " C  a t  mixing and another 6'- 
9°C a t  d ischarge ,  f o r  a t o t a l  t of 16"-19"C. Exposure t o  a t of t h i s  
magnitude could r e s u l t  i n  loss of equi l ibr ium among larvae and juven i l e s  
and even m o r t a l i t y  i n  a l l  th ree  growth s tages .  Schubel and Koo (1976) 
observed t h a t  hatching success  of eggs of blueback her r ing  and American 
shad was s i g n i f i c a n t l y  reduced a t  a 
longer and t h a t  excess temperature of 20°C r e su l t ed  i n  near ly  t o t a l  mortal- 
i t y  of the  eggs,  Other s tud ie s  i n d i c a t e  t h a t  thermal shocks of 8°C produced 
moderate m o r t a l i t y  i n  l a rvae  of A t l a n t i c  s i l v e r s i d e  reared  i n  25°C water 
(Austin e t  a l .  1975) and young a lewife  accl imat ized a t  10°C su f fe red  30,  60, 
and 100% m o r t a l i t i e s  i n  abrupt temperature increases  of 16",  16.5" and 1 7 " C ,  
r e s p e c t i v e l y  (Ot to  e t  a l .  1976).  

t of 15'C i n  exposures of 10 min o r  

I f  oceanic  f i s h  eggs and larvae react t o  thermal changes i n  a similar 
manner, m o r t a l i t i e s  t o  those en t ra ined  i n  OTEC p lan t  opera t ions  could be 
s u b s t a n t i a l .  
depths  of  600-1,000 m off  Rahe Point (da t a  from Noda e t  a l .  1981) and on 
the  est imated in t ake  flow rate ,  an est imated 48 m i l l i o n  f i s h  eggs and 
83,000 l a rvae  could be en t ra ined  d a i l y  i n  the cold-water i n t ake  and thus 
become exposed t o  thermal e f f e c t s .  

Based on the  average d e n s i t i e s  of f i s h  eggs and larvae at  
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2. Biocides 

Chlorine w i l l  most l i k e l y  be used i n  OTEC p l an t s  t o  con t ro l  biofoul- 
The U.S, Environmental Pro tec t ion  Agency (EPA) gu ide l ines  r e s t r i c t  ing. 

the  discharge of f r e e  ch lor ine  t o  2 h i n  any 1 day (EPA 1976). 
allowable discharge concentrat ion during these 2 h must average 0.2 ppm 
over 30 days,  w i t h  a maximum of 0.5 ppm. A t  these l e v e l s  of concentrat ion,  
the  major i ty  of en t ra ined  organisms could be a f fec ted  (Morgan and Carpenter 
P978), how-ever, damage t o  the  organisms would be reduced g r e a t l y  if 
exposure times a r e  shor t .  
suscep t ib l e  than juveni les  

The 

Ef fec t s  on f i s h  vary with age; la rvae  are mote 
and eggs a r e  more to l e ran t .  

A recent  study (Venkataramiah e t  a l .  1981) on the t o x i c i t y  of OTEC 
p l an t  components on marine organisms has shown t h a t  t o t a l  r e s idua l  ch lor ine  
l e v e l  of about O e l  ppm or  lower was not l e t h a l  t o  the  test animals 
( j u v e n i l e  mul le t ,  Munil cephalus,  25-75 mm long) and t h a t  100% mor ta l i t y  
occurred a t  a concentrat ion of 0.289 ppm a f t e r  6.5 h of exposure. The 

o ind ica ted  t h a t  t o x i c  concentrat ions were s i z e  r e l a t e d , ,  t h e  
e t o  ch lor ine  increas ing  with f i s h  s i z e ,  Other s tud ie s  on eggs 

and l a rvae  showed t h a t  0.032 ppm of f r e e  ch lor ine  produced 50% mor ta l i t y  i n  
e a r l y  l a rvae  of p l a i ce ,  but there  was no e f f e c t  on eggs a t  ch lo r ine  l e v e l s  
of 0.15 ppm i n  an 8-day exposure (Alderson 1972); LG values  f o r  d i f f e r e n t  
s tages  of p l a i c e  and Dover s o l e  la rvae  were below 0, 18 and above 0.025 ppm 
a t  exposures of 48  and 96 h, respec t ive ly  (Alderson 1974); and s t r i p e d  bass 
juven i l e s  approximately 63 mm did  not  show s i g n i f i c a n t  mor t a l i t y  u n t i l  
a f t e r  1 h exposure t o  0.16 ppm res idua l  ch lor ine  a t  . t  of 6.8'C (Lanza e t  
a l .  1975). 

Since t h e  exposure time through the  p lan t  i s  expected t o  be sho r t  
(about 10-15 min i n  warmwater systems, 20-30 min i n  cold water systems),  
damage t o  en t ra ined  f i s h  eggs and larvae from biocide may be r e l a t i v e l y  
low. Assuming the  worst s i t u a t i o n ,  i.e., the la rvae  su f fe r ing  100% mor- 
t a l i t y  and treatment appl ied f o r  2 h each day, a t  l e a s t  115,000 larvae 
could be expected t o  d i e  d a i l y  i n  the  warmwater system and 11,500 i n  the  
cold-water system from biocide treatment alone. 

3. Physical damage 

Fish eggs and l a rvae  en t ra ined  i n  cold and warm intakes w i l l  be 
Bubjected t o  s t r e s s e s  s imi l a r  t o  those encountered i n  powerplants. They 
w i l l  be s t r e s s e d  by rapid changes i n  hydros t a t i c  pressure,  ve loc i ty  shear  
fo rces ,  bu f fe t ing  and c o l l i s i o n  wi th  o ther  organisms, and c o l l i s i o n  wi th  
f ixed  o r  moving equipment, such a s  screens,  piping and pumps (Marcy e t  al. 
1978). Organisms en t ra ined  i n  the cold water pipe w i l l  be exposed t o  
pressure  changes of up t o  100 atmospheres wi th in  a few minutes (Sands 
1980). Entrained l a rvae  and juven i l e s  possessing a s w i m  bladder would be 
vulnerable  t o  pressure  changes of t h i s  magnitude and would s u f f e r  mor t a l i t y  
(Blaxter and Hoss 1979; Hoss and Blaxter  1979). 

Studies  on the  e f f e c t s  and impacts of physical  s t r e s s e s  on organisms 
en t ra ined  i n  powerplants (Marcy e t  al. 1918) show t h a t  fish eggs and larvae 
of many spec ies  of f i s h ,  including freshwater ,  e s tua r ine ,  and some marine 
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species, su f fe red  s u b s t a n t i a l  mor t a l i t y  ranging from 30 t o  fO0Z. For most 
spec ies ,  the  m o r t a l i t y  was between 90 and 100%. 
(1976) shows t h a t  j uven i l e s  fa red  b e t t e r ;  t o t a l  mor t a l i t y  ranged from 56.5 
t o  67.7%. 
en t ra ined  organisms, and the  g r e a t e s t  damage occurred during passage 
through the pumps. 

physical  s t r e s s e s  w i l l  be continuous during the  e n t i r e  period the  p l an t  is 
i n  operat ion,  Consequently, some inves t iga to r s  (Hose and Pe te r s  1983) 
be l ieve  t h a t  t he  major cause of entrainment mortality w i l l  be phys ica l  
damage 

A s imi l a r  study by Serchuk 

Generally,  physical  damage was the major cause of mor t a l i t y  of 

Whereas damage from bioc ide  treatment is i n t e r m i t t e n t ,  damage from 

C, Secondary Entrainment 

Most of the  same s t r e s s e s  encountered i n  primary entrainment w i l l  
a l s o  be encountered i n  secondary entrainment. These include stresses 
r e s u l t i n g  from temperature changes, use of b ioc ides ,  and turbulence caused 
by the  mixing of t he  e f f l u e n t  wi th  the  surrounding water. 

A t  t he  expected discharge depth of 100 m off  Kahe Point ,  t he  15°C 
e f f l u e n t  w i l l  mix wi th  21"-24"C water.  
would thus  be exposed ts a cold shock of -6' t o  -9°C followed by a r ap id  
return t o  ambient temperature. 
l o s s  of equi l ibr ium and some mor ta l i ty .  

F i sh  eggs and la rvae  i n  the  f a t t e r  

Exposure t o  t h i s  cold shock could result i n  

S t r e s s  from biocide eoufd occur among organisms en t ra ined  i n  the  
plume, l a r g e l y  as a r e s u l t  of prolonged exposure; however, rap id  d i l u t i o n  
of the  e f f l u e n t ,  r e s u l t i n g  i n  reduced ch lor ine  concentrat ion and exposure 
time, could e f f e c t i v e l y  reduce or e l imina te  s t r e s s  from t h i s  sourcee The 
c e n t e r l i n e  d i l u t i o n  and ch lo r ine  concentrat ion i n  the  discharge plume i s  
given by Sands (1980). With a 0.2 ppm ch lo r ine  concentrat ion a t  the  point  
of discharge,  d i l u t i o n  t o  0.05 ppm w i l l  occur a t  a downstream d i s t ance  of 
8.2 km' Based on a cur ren t  flow of 11.1-18.4 cm/s a t  t h a t  depth  (Noda and 
Associates 1982), t h i s  d i l u t i o n  w i l l  be reached i n  0.3-0.5 hi d i l u t i o n  t o  
0.02 ppm w i l l  occur a t  a d i s t ance  of 2 - 5  h i n  3.8-6.2 h; and t o  0.01 ppm 
a t  5.8 km i n  7.5-12.5 h. Comparing these  values  with the  LCso values  f o r  
p l a i c e ,  8.10 ppm i n  48 h exposures and Dover s o l e  la rvae ,  0.025 ppm i n  96 h 
exposure (Alderson 19741, it would seem unl ike ly  t h a t  the  ch lor ine  concen- 
t r a t i o n  i n  the  OTEC plume w i l l  be harmful t o  f i s h  l a rvaes  

Physical  damage t o  f i s h  eggs and la rvae  could be caused by accelera- 

Only l imi ted  s t u d i e s  have been made on t h e  e f f e c t s  of acce le ra t ion  
t i o n  and shear  fo rces  i n  the  turbulen t  eddies  c rea ted  by the discharged 
water. 
and shear  f o r c e s  on aqua t i c  organisms, and these  have d e a l t  mainly with 
passage of en t ra ined  organisms through powerplants (Marcy e t  a l .  1978). 
Shear bioassay experiments by Morgan e t  a l .  (1976) ind ica ted  that  j uven i l e  
Morone Sppm begin t o  s u f f e r  mor t a l i t y  when the  shear  stress approaches 
th ree  times the  f o r c e  of g rav i ty .  
e f f e c t 8  of turbulence c rea ted  by the  discharge from OTEC p lan t s  have not 
been made. Et is, therefore ,  d i f f i c u l t  t o  p red ic t  the  impact r e s u l t i n g  
from turbulence i n  secondary entrainment. 

Studies  on determining the  i n t e n s i t y  and 
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D. A t t r a c t i o n  

The OTEC platform could a c t  a s  a f i s h  a t t r a c t i n g  device (Seki 1983) 
and congregate pe lag ic  a s  well a s  inshore f i shes .  
a l s o  a t t r a c t  juveni les  and small Eishes, The a t t r a c t i o n  w 
i n  an inc rease  of f i s h  tha t  would be suscep t ib l e  t o  imping 
entrainment,  
impinged and en t ra ined  i n  the  p l an t  i n t ake  systems cannot be est imated,  due 
t o  the  l ack  of sampling d a t a ,  i t  could be s i g n i f i c a n t ,  

The l i g h t s  a t  n ight  w i l l  

Although the  exact numbers of f i s h  t h a t  u l t imate ly  become 

IV. EFFECTS ON FISHERIES AT PREDICTED SITES 

A. Hawaii 

1 Fishe r i e s  a f f e c t e d  
The most common commercially h p o r t a n t  species  of f i s h e s  i n  Hawaiian 

waters are l i s t e d  i n  Table 1, 
is i n  the  open ocean beyond the  200 m depth, where pole-and-libe boats  
ca tch  sk ip jack  tuna,  Katsuwonus Delamis, and longl ine ,  handline ( ika-  
a h i b i )  
surface-swimming yel lowfin tuaa, Thunnus a lbacares ,  bigeye tuna,  1, obesus, 
a lbacore,  1. a la lunna ,  s t r i p e d  marl in ,  Tetrapturus  audax, blue marl in ,  
Makaira n ig r i cans ,  black marl in ,  &. ind ica ,  swordfish, Xiphias plad-  a, s h o r t b i l l  spea r f i sh ,  1. anixus t i ros t r i s ,  s a i l f i s h ,  I s t iophorus  
g l a t y p t e r u s ,  wahoop Acanthocybium so landr i ,  and dolphin,  Coryphaena 
hiopurus 

The major t h rus t  of the  commercial f i s h e r y  

and commercial and r ec rea t iona l  t r o l l i n g  boats ,  harvest  deep- and 

Table 1 .--Commercial f i s h  catches f o r  S t a t e  of Hawaii: 
Year ending June 30, 19761 (Sands 1980). 

Species 
Weight 

( l b )  
Value of catch 60ld 

( i n  d o l l a r s )  

Aku (sk ip jack  tuna)  
Ahi (yel lowfin tuna) 
Aku 1 e 
Qpelu 
S t r iped  mar l in  
Opaka paka 
Ono 
Mah imah i 
Ulaula h a e  
Uku 
Kahala 

6,891,039 
1,723,128 

746,857 
291,337 
230,412 
147,505 
132 $104 
119,332 

80,543 
69,832 
40,434 

2,911,061 
1 , 463,376 

422,211 

113,243 
165,195 

90,448 
145,010 
162,219 
68,321 
21,822 

231,236 

'Average 5-year annual t o t a l s  (1972-76) a l l  species  from 
commercial ca tches  are weight: 13,259,377, value: $6,238,927. 
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I 

(Uchida 1983) .  Other spec ies  taken by recreat ional .  boats include rainbow 
runner,  E laga t i s  b ip innula ta ,  kawakawa, Euthvnnus a f f i n i s ,  and amberjack, 
S e r i o l a  dumer i l i  (Sands 1980) 

The nearshore f i s h e r i e s  a r e  dependent upon a wide a r r ay  of demersal 
and benthopelagic spec ies  which include pink snappers,  
f i lamentosus and p. s i e b o l d i i ;  gray snapper, 
pers, E t e l i s  earbunculus and E .  csruscans;  j 
Mulloidichthys spp. and Parupeneus spp.; and e 

Bigeye scad, Se la r  crumenophthalmus, and mackerel scad, Decapterus macarel- - l u s ,  are a l s o  major spec ies  i n  t h i s  group and t h e i r  combined landings are 
second only t o  tuna and b i l l f i s h  t o t a l  landings (Uchida 1983). 
boats  a l s o  ca tch  needlef i sh ,  Belonidae, barracuda, Svphvraena barracuda, 
bonefish,  Albula vulpes ,  and leatherback,  Scomberoides s a n c t i - p e t r i  (Sands 
1980) * 

Recreat ional  

Species of f i s h e s  taken o f f  Kahe Point and sold eommereially are 
l i s t e d  i n  Table 2. 
( those  with average annual. catches of >1 met r i c  t on )  include tuna,  
b i l l f i s h ,  dolphin,  scad, snappers jack ,  and g o a t f i s h  (Table 31, The 

The most common commercially important spec ies  of f i s  

11 species  are low compared with the  State  landings.  The 
a and dolphin eatehes represent  5 and 62, r e spec t ive ly ,  of 

State landings f o r  these species .  
range from 6.2 t o  2.2% of the  S t a t e  landings,  
demersal spec ies ,  such a s  pink, red,  and gray snappeas, which are amon 
top  11 spec ies  i n  the  S t a t e  landings,  the  ca tch  by spec ies  d id  not  exceed 
400 kg per year.  The t o t a l  ca tch  of these  snappers o f f  Kahe Point  (729  kg) 
i s  approximately 0.5% of the S t a t e  Pandings for t h i s  group of f i s h e s ,  
low catches of a l l  spec ies  i n d i c a t e  t h a t  t h e  area of f  Kahe Point supports  
only a l imi ted  resource of f i s h .  

The ca tch  of each of t h e  o the r  spec ie  
Of the  importaxlt deep 

The 

2. E f fec t s  on eggs, l a rvae ,  and juven i l e s  

a e Imp ing emen t 

Impingement w i l l  depend, among o t h e r  th ings ,  on the  v e l o c i t y  of water 
a t  the  in t ake  and the  swimming c a p a b i l i t y  (speed and endurance) of the  
f i s h .  A t  an in take  v e l o c i t y  s f  0.25-0.30 m / s ,  none of t he  a d u l t  pe lag ic  
f i s h e s  taken commercially i n  the  Kahe Point a r ea  i s  expected t o  be impia 
on che warmwater in t ake  screen. Adults of some mesopelagic f i s h e s ,  such 
myctophids, which migrate  t o  su r face  waters a t  n igh t ,  could be impinged 
the  w a r m w a t e r  i n t ake  screeng  but these  f i s h e s  are not  u t i l i z e d  commeerci 
Impingement of a d u l t  f i s h  could occur a t  the  cold-water in take  screen. 
f i s h  impinged t h e r e  w i l l  be small  mesopelagic forms t h a t  are r e l a t i v e l y  
weak swimmers, 
per day (Sec t ion  I L I A ) ,  s i nce  many of t h e  s m a l l  a d u l t s  will e a s i l y  pass 
through the  screen. Thus, t he re  should be no immediate e f f e c t  on the  f i  
e r i e s  from impingement on e i t h e r  t he  warm o r  cold water in t ake  screen,  

The quan t i ty  of f i s h  hmpinged should be f a r  less than 43 kg 
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Table 2,--Loca%, common, and s c i e n t i f i c  names of f i s h e s  commonly 
caught i n  Hawaii o f f  Kahe Point (Sands 1980; Uchida 1983) e 

Local name Common name 

A' awa 
Ahaaha 
Ahi (menpachi s h i b i )  
A R i  (kihada) 
Aho 1 eho 1 e 
Aku 
Aku 1 e 
Ala ih i  
Aulaaula 
A'u ( k a j i k i )  
A'u ( n a r a i g i )  
A'u ku 
A'u ( indianf  i s h )  
A' u 
A'u lepe 
Awa 
Awaawa 
Awe owe 8 

Bahalalu 
Hanu E 
Hina 1 e a 
Xumuhumu 
Kahala 
Kaku 
Kala 
Kal i k a l  i 
Kamanu 
Kawakawa 
$ole  
Kumu 
Kupoupou 
Laenihi 
La i 

Maiii 
Maiki 
Makiawa 
Malu 
Manini 
Mano k i h i k i h i  
Maomao (marno) 
Moano 
Moi 

Spot wrasse 
&eed 1 ef i s h  
Bigeye tuna 
Yellowfin tuna 
Hountain bass 
Skipj  a c t  tuna 
Bigeye scad 
Squi r re l f  i s  h 
Hut l e t  
P a c i f i c  b lue  marl in  
S t r iped  marlin 
Broadbi l l  swordfish 
S h o r t b i l l  spea r f i sh  
Black marl in  
S a i l f i s h  
Milkf ish 
Tenpounder 
Red bigeye 
Red snapper 
Small bigeye scad 
Parro t f  i s h  
Wrasse 
Triggerf i s h  
Amber j ac k 
Barracuda 
Surgeonf i s h  
Pink snapper 
Rainbow runner 
Kawakawa 
Surgeonf i s h  
Red goa t f i sh  
Mangoosef i s h  
Razorf i s h  
Leatherback 
Snapper 
Dolphin 
Surge oaf i s h  
Surgeonf i s h  
Round her r ing  
Goatf ish 
Convict tang 
Hammerhead shark 
Damself i s h  
Goatf ish 
Threadfin 

S c i e n t i f i c  name 

Bodianus b i lunu la tus  
Belonidae ( 3  spec ies )  
Thunnus obesus 
Thunnus a lbacares  
Kuhlia sandvicensis  
Kat suwonus p e  lamis 
Se la r  cramenoohthalmus 
Holocentridae 
Muail cephalus 
Makaira ninricaas 
Tetraoturus  audax 
Xiphias L lad ius  
Tetrapturus anpus t i r o s t r i s  
Makaira ind icg  
I s t ioohorus  p l a tyo te rus  
Chanos chanos 
Elms bawaiensis 
Pr iacanthidae 
Ete i i s  carbunculus 
Se lar  
Scaridae 
Lab r ida  e 
Ba l i s t i dae  
Se r io l a  durneri l i  
Sphvraena barracuda 
Naso unicorn is  
Prist ipomoides s i e b o l d i i  
E lag a t  i s  b i p  innu l a  t u  8 

- 

Chei l io  inermis 
Xyrichthvg. 
Scomberoides s a n c t i - p e t r i  
Aohareus r u t i l a e s  
Corvphaena hippurus 
Acanthuridae 
Acanthurua n i z r o r i s  

j?aruoeneus Dleuros t inma 
Acauthurus sandviceasis  

Parapeneus mul t i f a sc i a tue  
Polydactylus s e x f i l i s  



Table 2.--Continued. 

Local name Common name S c i e n t i f i c  name 

Moilua 
MU 
Naenae 
W enue 
Nohu 

Hunu 
Oi l i l epe  
Oio 
W k a  
Onaga 
Bopulrue 
Opakapaka 
0pelm 
Opule 
Pak i i  

Pa lan i  
Panuhunuhu 
Panunu 
Paopao 
Pualu 
Puhi 
Saba 
Taape 
Toau 
UhU 
Ukikiki (g inda i )  
Uku 
UlauPa (ehu) 
Ulua k i h i k i h i  
Uouoa 
Uu (menpachi) 
Uukanipo 
Walu 
Weke 
Weke u l a  

Red g o a t f i s h  
Porgy 
Orange spot  tang 
Rudderf i s h  
Sc orp ionf i s h  

Trumpetf i s h  
P i l e f  i s h  
Bonefish 
Y ack 
Red snapper 
Bal Poonf i s h  
Pink snapper 
Mackerel scad 
Spotted wrasse 
Flounder 

Surgeonfish 
Par ro t  f i s h  
Parrotf  i s h  
Yellow j ack  
Surgeonfish 
Eel 
Japanese mackerel 
Bluel ine snapper 
Red-green snapper 
Parrotf  i s h  
Brigham's snapper 
Gray snapper 
Red snapper 
Threadfin j ack 
Fa lse  mul le t  
Squi r re l f  i s h  
Squi r re l f  i s h  
O i l  f i s h  
Goatf ish 
Red g o a t f i s h  

Mulloidichthys vf l u n e r i  
Mono t a x i s  prandocu Pis 
Acanthurus o l ivaceus  
Kvvhosus biaibbus 
Scoroaenops is cacopsis  

and S. gibbosa 
Aulostomus ch inens is  
Wfutera scripta 
A l h l a  vulves 
Caranx mate 
Eteltis coruscans 
Wrothron h isp idus  
Prist ipomoides fi lamentosus 
Decapturus macarellus 
Ananapses cuvieri  
Bothus mancus 

and 2. ganther ines  
Acanthurus dussumieri  
Bcaridae 
Skaridae 
.Gnathanodon sveciosus 
Acanthurus xanthovterus 
Muraenidae 
Scomber iavonicus 
Lutianus kasmira 
kut ianus va ip i ens i s  
Scaridae 
Prist ipomoides zonatus 
Amion v i rescens  
EtePis  carbunculus 
Afec t i s  c i l i a r i s  
Neomvxus c h a p t a l i i  
M v r i p r i s t i s  spp. 
Holocentridae 
Ruvettus P re t io sus  
Mu 1 l o  i d  ichthvs samoensis 
MulPoidichthvs auriflamma 

Impingement a t  the  warmwater in take  screen w i l l  a f f e c t  j uven i l e s  of 
epipe lag ic  f i s h e s ,  such a s  scombrids, b i l l f i s h e s ,  dolphins,  wahoo, 
bonefishes,  barracudas,  some jacks, and some inshore f i s h e s ,  such as 
gaa t f  i s h ,  damseff i s h ,  f i l e f i s h ,  s q u i r r e l f  i s h ,  t r i g g e r f i s h ,  and rudderf i s h ,  
which a t  times are found a l s o  i n  of fshore  sur face  waters. The smallest 
juven i l e s  impinged w i l l  vary by spec ies  depending upon t h e i r  body types. 
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Table 3.--Five-year (1976-80) mean annual ca tches  of f i s h  0 1  m t )  
taken of f  Kahe Point ,  Hawaii (Uchida 1983). 

Species 
Weight Value of ca tch  so ld  

(kg) ( i n  d o l l a r s )  

Skipjack tuna ( a h )  
Yellowfin tuna ( a h i )  
P a c i f i c  blue marl in  ( a ' u ,  k a j i k i )  
Bigeye scad (akule)  
Young bigeye scad (hahala lu)  
Do 1 ph i n  ( ma h ima h i ) 
Str iped  marl in  (a 'u ,  na ra ig i )  
Blueline snapper ( taape)  
Goat f i sh  (weke) 
Jack (u lua)  
Red g o a t f i s h  (weke-ula) 

Tota l  
Other f i s h  
Tota l  a l l  f i s h  

164,058 
14,899 
8,106 
6,887 
3,435 
3,339 
2 9 297 
1,687 
1 ,371 
1,131 
P .033 

215,755 
40 490 
13,533 
17,422 
7,798 
16 9 502 
4,658 
1,991 
2,134 
3,462 
3,057 

208,249 326,802 
9,228 22,316 

217,477 349,118 

Among the  s lender  bodied f i s h ,  those with body length t o  depth r a t i o  of 
about 3:1 (scombrids, b i l l f  i shes ,  dolphins,  wahoo, barracudas,  some j acks ,  
goa t f i shes ,  e t c . ) ,  impingement could occur a t  s i z e s  as small as 4 cm. 
Others, j uven i l e s  with deeper bodies (some jacks ,  surgeonfish,  squ i r r e l -  
f i s h ,  damselfish,  e t c . ) ,  could be impinged a t  even smaller s i z e s ,  perhaps 
around 2 cm, A t  these  s i z e s ,  most j uven i l e s  w i l l  not be s t rong  enough 
swimmers t o  escape impingement. Although juveni les  of such f i s h e s  as t h e  
tunas are considered s t rong swimmers, no s tud ie s  have y e t  been made t o  
measure t h e i r  swimming a b i l i t y ,  One study of a c lose ly  r e l a t e d  f i s h ,  
P a c i f i c  mackerel, has been made (Hunter 1980) which shows t h a t  j uven i l e s  up 
t o  3.6 e m  long can s w i m  a t  burs t  speeds of 26 c m / s .  
w i th in  the  range of the  in t ake  ve loc i ty ,  the  juven i l e s  would be a b l e  t o  
barely maintain t h e i r  pos i t i on  a t  t h e  in take  opening. 
i n  t h i s  pos i t i on  w i l l  eventual ly  become impinged as f a t i g u e  sets in .  
Juveni les  4,O cm long may s u f f e r  t he  same f a t e .  

A t  t h i s  speed, which i s  

Any juven i l e  caught 

There are uo published da ta  on swimming speeds of l a r g e r  j uven i l e s ,  
nor of the  dens i ty  of such juven i l e s  o f €  Kahe Point.  
tunas have been caught off  Kahe Point  i n  m i d w a t e r  trawls (Higgine 19701, 
a l l  juveni les ,  with the  exception of one 47-em specimen, were smaller than 
23 cm, Consequently, these  w i l l  be considered toge ther  wi th  the  larvae.  
Juveni les  of o the r  species  were not  analyzed. 

Although juven i l e  

Although it can be assumed t h a t  all j uven i l e s  impinged on the  screen  
w i l l  s u f f e r  mor t a l i t y ,  t he  maximum s i z e  of juveni les  t h a t  would be impinged 
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has not been determined. Thus, es t imates  a €  Losses due to impingement 
cannot be made. 

b. Primary entrainment 

E f fec t s  of primary entrainment on f i s h  eggs and la rvae  of most 
c o m e r c i a f l y  important f i s h  spec ies  of f  Kahe Point  a r e  d i f f i c u l t  t o  a s ses s ,  
owing t o  the  absence of adequate v e r t i c a l  d i s t r i b u t i o n  and dens i ty  da ta .  
The study by Miller e t  a l .  (1979) is the  only one i n  which f i s h  l a rvae  have 
been i d e n t i f  i 
l imi ted  t o  sh 
app l i ca t ion  t o r  assess ing  t h e  kinds and dens i ty  of l a rvae  i n  the  pro jec ted  
OTEC p l a n t s i t e  off Kahe Point .  Mi l le r  e t  a l .  (1979) sampled of f  Kahe Point 
a t  0.1-0.2 nmi trom shore i n  3-5 m of water ("inshore" s t a t i o n s )  and a t  

t o  family o r  lower l eve l s .  However, because samplnng was 
low inshore waters, t h e i r  r e s u l t s  may have only l imi ted  

hore" s t a t i o n s ) .  The l i s t  of larvae 
e species (Chanos 
Thunnus a lbacares ,  

s (Kyphosidae, Labri  
a r e  u t i l i z e d  corn 

includes 31 spec ies  ( inc luding  13 un iden t i f i ed  types of gobies)  t h a t  are 
not  u t i l i z e d  commercially. 
were not taken i n  t h e i r  plankton tows, 

Approximately 90+ spec ies  u t i l i z e d  commercially 

I n  another  study which included in t ens ive  sampling off  Kahe Point a t  
approximately 0.2-0.6 mi from shore,  Mi l le r  (1979) obtained a mean 
abundance of 7.7/1,000 m3 of tuna larvae i n  daytime sur face  tows and as  
high as 441/f,000 m3 of yel lowfin tuna i n  n ight  tows, the Patter being one 

orders  of magnitude higher  than the  average open ocean d e n s i t i e s .  
hypothesized t h a t  the high nearshore dens i ty  of tuna l a rvae  probably 

e reslult  of nearshore upwelling accompanied by an onshore movement of 
deeper waters. 
larvae a t  Kahe Poin t ,  t h e  extremely high dens i ty  reported by Miller is most 

Whatever the  cause of t he  concentrat ion of yel lowfin tuna 

kely a l o c a l  phenomenon and i s  not represent ive  of of fshore  waters. In 
en ocean sampling f o r  tuna l a rvae  i n  Hawaiian waters (unpublished d a t a ,  

Honolulu Laboratory) sk ip jack  tuna l a rvae  dominated the  catches of tuna  
la rvae  1x1 surf ace tows. 
m3 and t h a t  of yel lowf in  tuna l a rvae  was Jl.47/1,000 m3. 

The dens i ty  of sk ip jack  tuna l a rvae  was 3.02/1,000 

The dens i ty  of sk ip jack  and yel lowfin tuna l a rvae  i n  open ocean 
waters obtained from plankton n e t s  compares favorably with the dens i ty  
es t imates  of juven i l e  tunas obtained by Higgins 91970). 
midwater trawl cons i s t ing  of Pe9-cm mesh n e t t i n g  and a mouth opening of 96 
m2. The n e t  had a cod end l i n e r  made of 0.63-cm mesh n e t t i n g  and an 
opening of 7.5 m2. 
s t a t i o n s  were 1.4 km nor th  of Kahe Poin t ) ,  7 and 56 km from shore,  i n  t he  
v i c i n i t y  of the  pro jec ted  OTEC p l a n t s i t e .  The ca tch  included sk ip jack  and 
yel lowfin tunas ranging i n  s i z e  from 7 t o  26 mm, and one juven i l e  sk ip jack  
tuna 47 mm long. The dens i ty  of young sk ip jack  tuna w a s  2.4/1,000 m3 and 
t h a t  of yel lowfin tuna was 0.74/1,000 m3. 
are somewhat underestimated s ince  many la rvae  below 8 o r  9 mm were sus- 
pected of having passed through the  0.63-cm ne t t i ng .  

Higgins used a 

Tows were made a t  two si tes  off  Oahu ( t h e  inshore 

The d e n s i t i e s  of both species  
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Table 4.--Fish la rvae  taken of f  Kahe Point i n  plankton ne t  tows 
(larvae)1,000 m3 (Miller e t  a l .  1979). 

Inshore Off shore 

Family Species Winter Summer Winter Summer 

Dussumieriidae 
Engraulidae 
Chanidae 
Gonostomatidae 

My c t op h i d a  e 

Exocoetidae 
Atherinidae 
Ky pho s i da  el 
Mu1 l i d a e l  
Serranidae 
Cor yphaenidael 
Pomacentridael 

Labridael 
Scombrolabracidae 
Scombridael 

Gobi idae  

Tr ip t e ryg i idae  
Blenniidae 

Schindler i idae  
Seor paenidael 
Tetraodont idael  
Molidae 

Spra t e l lo ides  d e l i c a t u l u s  
Stolephosus buccaneeri  
Chanos chanos 
Cvclothone sp. 
Vincinuerr ia  nimbaria 
Ceratoscopelus warminni 
Hvgophum proximum 
Lampadena spp. 
Cvpselurus spp. 
Pranesus insularum 

e- 

Corvphaena hippurus 
Abudefduf abdominalis 
Eupomacentrus f a s e i o l a t u s  
Eabrid L-3 
Scombrolabrax he te ro l ep i s  
Auxis sp.  
Thunnus a lbacares  
Euthvnnus a f f i n i s  
13 types 
Ps i lonob i u s  main land i 

Enche lvurus brunneolus 
Exa l l i a s  b rev i s  
Sc hind 1 ex i a  9 i e  t c hmanni 
Scorpaenid S-3 

Ranzania l a e v i s  

-c 

-- 

-- -I -- 
( Sever a1 specimens ) ----- 

(Never abundant)------ 
-I----- -------- 
1.8 11.0 0.9 0 
6.1 4.4 0 0 
0 5 07 0 89 184 
1.8 0 0 0 
0 0.7 0.9 0 
1 1 * 5  0 0 87 ------- (1 larva per tow)------ 

---(Several l a rvae  i n  J u l  
0 16 82 0 
--I-----_---.. (S)me)----------- 
21.1 0 0 0 

661 ' 0.7 0 0 
5.3 3.7 2.8 37.0 

----------I (1 fama)---------- 
-( Some larvae i n  f a l l -winter  )- 
0 0 0 a.7 
0 

0 0 2.8 0 87 
0 2.1 0 0 
8 07 4 .O 0 08 0 
0 20.2 1.9 36.0 
0 46 00 1.0 11.4 
0 09 1.3 0 0 
Few Few Few f e w  
0 2.2 0 0 87 ------- (Few i n  spriqg)------- 

------ 

'Adults caught commercially . 
Because the  s i z e  range of l a rvae  taken in plankton n e t s  complements 

t h a t  of larvae and juven i l e s  taken inmidwater  trawl, the  d e n s i t i e s  der ived 
from both gear  should provide rough estimates of t h e  number8 of young tunas 
t h a t  could be en t ra ined  i n  the  warmwater intake.  Thus, based on the  com- 
bined dens i ty  of  5.42/1,000 m3 f o r  sk ip jack  tuna and 2.2l/l,OOO m3 for yel- 
lowfin tuna,  and on t h e  volume of water passing through the  p l an t  each day 
(13.8 m i l l i o n  m3), roughly 75,000 sk ip jack  and 30,000 yel lowfin tuna larvae 
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and juven i l e s  could be en t ra ined  da i ly .  
t o  ea r ly  autumn i n  Hawaiian waters (about 6 months), roughly 13.7 mi l l i on  
sk ip jack  and 5.5 m i l l i o n  yel lowfin tuna l a rvae  and juveni les  could be 
en t ra ined  i n  the  warmrater i n t ake  seasonal ly  (= annual ly) .  

Since tunas spawn from l a t e  spr ing 

Entrainment estimates can be made f o r  b i l l f i s h e s  a l so .  Using the  
dens i ty  va lue  of 0.579/1,000 m3 f o r  b i l l f i s h e s  ( P a c i f i c  b lue  marlin, sail- 
f i s h ,  and s h o r t b i l l  spea r f i sh )  i n  Hawaiian waters (Matsumoto and Kazama 
P974), the  d a i l y  entrainment could be about 8,000. The annPtal entrailme 
could be about 1.4 m i l l i o n  s ince  spawning extends from May through October. 

Estimates of entrainment of la rvae  of o ther  commercially h p o r t a n t  
f i s h e s  cannot be made due t o  the  l ack  of information on t h e  i d e n t i t y  and 
dens i ty  of many bottom-associated as w e l l  a s  pe lag ic  species;. 

Free f l o a t i n g  f i s h  eggs i n  the  ocean a r e  concentrated near  the  
su r face9  and the  dens i ty  of eggs decreases  sharply with depth,  Catch d a t a  
from obl ique plankton n e t  tows made o f f  Mahe Point (Noda e t  a l .  1981) 
i n d i c a t e  t h a t  about 72% of the  eggs ( a l l  spec ies )  were i n  t h e  upper 25 m, 
24% i n  the  25-200 m depth range and 4% i n  the  200-1,000 m depth range* 
dens i ty  of eggs i n  t h e  top  1 m of water (based on neuston ne t  ca tches)  was 
near ly  twice the  average f o r  the  0-25 m depth layer  (2P3,000/1,000 m3 VB. 
117,000/1,000 m 3 ) .  Because the  d i s t r i b u t i o n  of eggs is skewed toward the  
sur face  and t h e  in take  i s  located i n  t h e  lower ha l f  of t he  0-25 m depth 
l aye r ,  the  dens i ty  of eggs a t  t h e  in t ake  l eve l  should be wel l  below a t h i r d  
(~39,000/1,000 m3) t h a t  of t he  depth layer. Based on t h e  13.8 mi l l i on  m3 
of water  expected t o  be drawn i n t o  the  p l an t  each day, the  number of eggs 
en t ra ined  d a i l y  could be about 53 8 mil l ion .  

The 

The impact OR the  f i s h e r y  r e s u l t i n g  from the  loss of t h i s  many eggs 
cannot be measured accura te ly ,  s ince  the  eggs had not  been i d e n t i f i e d  and 
quan t i f i ed  by spec ies  e 

capac i ty  of some of the  pe lag ic  f i s h e s  [e .gDI  yel lowfin tuna,  2-8 mi l l i on  
(June 1953); sk ip jack  tuna,  100,000-2 mi l l i on  (Matsumoto e t  al.  i n  p re s s ) ;  
kawakawa, presumably s i m i l a r  t o  sk ip jack  tuna; s t r i p e d  marl in ,  2-28 mi l l i on  
(Ueyanagi and Wares 1975); blue marl in ,  presumably s imi l a r  t o  s t r i p e d  
marlin;  s a i l f i s h  2-20 mi l l i on  (Beardsley e t  al .  1975); s h o r t b i l l  spea r f i sh ,  
2-16 mi l l i on  (Kikawa 1975)], and the  expected losses represent ing  only a 
minor po r t ion  of t he  t o t a l  eggs i n  the  a rea ,  the  projected egg losses due 
t o  OTEC p l an t  opera t ions  should have no d r a s t i c  e f f e c t s  on the  f i she ry .  

Wevertheless, i n  view of the  tremendous spawning 

I n  summary, biocides  used i n  s t rong enough Concentration t o  k i l l  
b iofoul ing organisms could a l s o  k i l l  f i s h  eggs and la rvae ;  however, because 
the  EPA restricts the  discharge of ch lor ine  t o  2 h each day, t he  mor t a l i t y  
from t h i s  source should be l i m i t e d .  Total  o r  near t o t a l  mor t a l i t y  of eggs 
and l a rvae  and up t o  68% mor ta l i t y  of en t ra ined  juven i l e s  could occur from 
thermal e f f e c t s  and physical  damages suf fered  during passage through the  
pumps, and from c o l l i s i o n  with s t r u c t u r e s  and o the r  organisms. Larvae and 
juven i l e s  surv iv ing  through the  discharge w i l l  be phys ica l ly  weak and be 
espec ia l ly  suscep t ib l e  t o  predation. Consequently, t he  assumption of t o t a l  
mor t a l i t y  of all f i s h  eggs, l a rvae ,  and juveni les  en t ra ined  i s  not 
unr eas  ona b 1 e e 
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In a worst case s i t u a t i o n ,  assuming 100% mor ta l i t y  of t h e  young, 
exc lus ive  of eggs, the  lo s ses  from primary entrainement of t he  th ree  most 
important f i s h e s  o r  t i s h  groups taken of f  Kahe Point would be 13.1 mil l ion  
sk ip jack  tuna,  5.5 mi l l i on  yel lowfin tunap  and 1.4 mil l ion  b i l l f i s h e s  per 

cannot be determined u n t i l  t h e i r  eggs 
es t imates  a r e  obtained,  

year.  The damage t o  o the r  pe lag ic  and t i s h e s  caught commercially 
a r e  i d e n t i f i e d  and dens i ty  

c. Secondary entrainment 

Damage t o  f i s h  eggs and la rvae  entrapped i n  the  discharge could 
r e s u l t  mainly trom thermal shock and t h e  impact and turbulence of t h e  
discharged water.  Although the number of la rvae  a f f ec t ed  could be l a rge ,  
due t o  the  magnitude of t he  d ischarge  volume, an accura te  assessment ca 
be made without more d e t a i l e d  da t a  on the  d i s t r i b u t i o n  of eggs and l a rvae  
near  t he  discharge depth,  t he  s t r eng th  of t he  impact, t h e  i n t e n s i t y  of 
acce le ra t ion  and shear  forces  i n  the  eddies ,  and the  timespan these  f o r c e s .  
w i l l  be ac t ing  upon the  eggs and l a rvae  a t  l e t h a l  l eve l s .  
only permit very rough est imates .  

Available da t a  

Eggs and l a rvae  of tunas and mar l ins  genera l ly  occupy the  su r face  and 
near su r face  waters.  Only a small  f r a c t i o n  i s  found i n  depths g r e a t e r a t h a n  
60 m (Matsumoto 1958; Strasburg 1960; Matsumoto and Kazama 1974). Stras-  
burg (1960) estimated tha t  7 5 4 0 %  of the  tuna l a rvae  i n  the  c e n t r a l  P a c i f i c  
equa to r i a l  waters  occurred i n  the  0-60 m depth range, 20-25% i n  70-130 m, 
and none i n  depths g r e a t e r  than 130 m. Assuming a s i m i l a r  v e r t i c a l  d i s t r i -  
but ion in Hawaiian waters ,  about 2.7-3.4 mi l l i on  sk ip jack  tuna and 1.1-1.4 
m i l l i o n  yel lowfin tuna la rvae  could be en t ra ined  i n  the  discharge each 
year . 

Larvae of o the r  f i s h e s  u t i l i z e d  commercially off  Kahe Point ,  such as 
dolphin,  j acks ,  and goa t f i sh ,  a l s o  may be concentrated near  t he  sur face ,  
s ince  t h e i r  eggs a r e  buoyant. Very l i t t l e  is known about t he  eggs aad 
l a rvae  of snappers;  however, a s t u d y  by Kikkawa (1980) on the  spawning 
season of the  pink snapper, Prist ipomoides f i lamentasus,  ind ica tes  t h a t  
r i p e  eggs of t h i s  spec ies  contain o i l  globules.  
snappers would most l i k e l y  contain o i l  globules  a l so .  
buoyant and, t he re fo re ,  would be concentrated near  t he  sur face ,  similar t o  
eggs of tunas,  marl ins ,  dolphins,  and jacks.  Consequently, t h e  hatched 
la rvae  would l ikewise be concentrated near  t he  surface.  Larvae of those 
spec ies  mentioned above would be sparse ly  d i s t r i b u t e d  near  the  discharge 
depth so t h a t  even a t  100% mor ta l i t y  during secondary entrainment,  t he  
negat ive e f f e c t s  t o  the  f i s h e r y  should be minimal. 

Eggs of o the r  spec ies  of 
Such eggs are 

d. E f fec t s  by a l l  ca t egor i e s  

Because the  eggs of most f i s h e s  caught commercially of f  Kahe Point  

Eggs and l a rvae  could 
a r e  buoyant, and eggs and l a rvae  a r e  concentrated near  the  sur face ,  most of 
the  damage w i l l  occur during primary entrainment. 
s u f f e r  t o t a l  mor t a l i t y ,  so t ha t  l a rvae  of approximately 13.7 m i l l i o n  
sk ip jack  tuna,  5.5 m i l l i o n  yel lowfin tuna,  1.4 m i l l i o n  b i l l f i s h ,  and an 
unknown quan t i ty  of o the r  pe lag ic ,  reef-associated,  and demersal f i s h e s  
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could be b i l l e d  each year.  Damage from secondary entrainment could account 
f o r  an a d d i t i o n a l  3-4  mi l l i on  skipjack and 1.4 m i l l i o n  yel lowfin tuna 
la rvae ,  Other losses  could occur from impingement of juveni les  a t  the  warn 
in take  screeno  Because sf t h e i r  s t rong swimming c a p a b i l i t y ,  however, k i l l s  
from impingement a r e  expected t o  be small f o r  tunas. Juveni les  of slow 
awimmirig reef  and bottom f i s h e s ,  however, could be a f fec ted  more ser iously.  
]No estimate of p o t e n t i a l  damage t o  juveni les  from impingement can be made 
at  t h i s  time, 

Although the  t o t a l  damage t o  a l l  commercially important f i s h e s  of f  
Rahe Point  camnot be assessed accura te ly ,  rough es t imates  of damages from 
primary and secondary entrainment can be made f o r  the  two groups of f i s h e s  
tha t  toge ther  cont r ibu te  87*53 af the  commercial ca tch  off Kahe Point.  
Thus, a t  lease 17.1 mi l l i on  sk ip jack  tuna,  6.9 mi l l i on  yel lowfin tuna,  and 
1.4 mi l l i on  b i l l f i s h  la rvae  could be k i l l e d  annually,  assuming the  worst  
eond it ion  e 

3 .  Effec t s  of a t t r a c t i o n  

Studies  o f  f i s h  aggregating devices (PADS) show t h a t  l a rge  Build up 
of f i s h  schools can occur around ob jec t s  f l o a t i n g  i n  the  ocean (Matsumoto 
e t  a l ,  1981),  
j uven i l e s  and preadul t s  which tend t o  be longer t e r n  dwellers ,  l a rge  f i s h  
a l s o  congregate tempgrarily.  
also around s t a t iona ry  ob jec t s  such a s  the  OTEC plant  (Seki  1983)p 
a t t r a c t i o n  of f i s h  schools  could be of considerable  bene f i t  t o  r ec rea t iona l  
and commercial fishermen by enabling them t o  increase  catches,  while a t  the  
same time reducing f u e l  consumption. 

Although most f i s h  a t t r a c t e d  t o  t h e  FADS a r e  small ,  i .e.,  

Similar  bu i ld  up of f i s h  schools can occur 
The 

There are some negat ive e f f e c t s  t o  a t t r a c t i o n ,  p a r t i c u l a r l y  by an 
OTEC pliant. With the  accumulation of l a r g e  f i s h  around the  p lan t ,  spawning 
w i l l  eventual ly  take  place a s  t he  f i s h  mature sexual ly  during the  season. 
This w i l l  increase  the  dens i ty  of eggs and l a rvae  around the  p lan t  and 
u l t imate ly  r e s u l t  i n  r a i s i n g  the  number of l a rvae  k i l l e d  by entrainment. 
The discharge plume a l s o  could a t t r a c t  f i s h  tha t  could prey upon larvae and 
juveni les  t h a t  are damaged and weakened by the  impact and turbulence of t h e  
e f f luen t .  The predat ion l e v e l  thus could rise and increase  the  mor t a l i t y  
of la rvae  and juveni les .  

4, Effec t s  on recrui tment  

The e f f e c t s  of egg and larval mor t a l i t y  from OTEC p lan t  opera t ions  on 
the  recrui tment  of f i s h  i n t o  the  f i s h e r y  w i l l  vary g r e a t l y  by spec ies .  For 
such f i s h  as the  tunas and b i l l f i s h e s ,  which are highly migratory and spawn 
widely throughout the  t r o p i c a l  and sub t rop ica l  waters ,  egg and l a r v a l  
mor t a l i t y  a t  i s o l a t e d  poin ts ,  such as around OTEC p lan t s ,  w i l l  have l i t t l e  
o r  no impact on t h e  adu l t  population a t  the  p l a n t s i t e .  
the  following observations.  F i r s t ,  a l a rge  proport ion (50-90%) of t h e  
a d u l t s  t ha t  comprise the sk ip jack  tuna f i s h e r y  i n  Hawaii a r e  60 c m  o r  
l a rge r  (Rothschild 1965)- These f i s h  a r e  migrants,  some a r r i v i n g  from the  
e a s t e r n  P a c i f i c  northern f i s h e r y ,  a por t ion  from the northwestern Pac i f i c ,  
and o the r s  from equa to r i a l  waters t o  t h e  south (Matsumoto e t  al, i n  p r e s s ) *  

This i s  based on 
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It is genera l ly  accepted t h a t  these f i s h  o r i g i n a t e  l a rge ly  from spawnings 
i n  equa to r i a l  waters and consequently, egg and l a r v a l  mor t a l i t y  a t  t he  Kahe 
Point  s i t e  w i l l  have l i t t l e  inf luence on the  s i z e  of t he  a d u l t  populat ion 
the re ,  Second, a po r t i en  of t he  sk ip jack  tuna below 60 cm, represent ing  
age group 1-1+, could o r i g i n a t e  i n  Hawaiian waters ,  s ince  there  i s  ample 
evidence of the  presence of small (30-37 cm) f i s h  t h e r e  throughout t he  
winter  months (Matsumoto e t  a l .  1981). 
mor t a l i t y  o f f  Kahe Point ,  however, may not  be no t i ceab le  i n  t h i s  age group 
because la rvae  o r ig ina t ing  there  do not necessar i ly  r e t u r n  t o  t h a t  pa r t i c -  
u l a r  s i t e .  
Moreover, as i n  the  l a r g e r  s i z e  group, some of the  f i s h  migrate  from the  
south as seasonal warming moves northward. Third, most of t he  egg 
larvae t h a t  a r e  expected t o  be k i l l e d  by OTEC p l an t  opera t ion  woul 
died eventua l ly  from na tu ra l  causes. Hence the  ac tua l  k i l l  due solely t o  
OTEC p lan t  opera t ions  would be the  estimated t o t a l  minus the  losses 
expected from na tu ra l  mor t a l i t y ,  

The e f f e c t s  of egg and l a r v a l  

Instead the  r e t u r n  i s  made t o  Hawaiian waters i n  general .  

Natural  mor t a l i t y  r a t e s  (HI of eggs and larvae of tunas h 
determined p rec i se ly ,  but published es t imates  of M f o r  tunas taken i n  va r i -  
ous f i s h e r i e s  have been reviewed by Murphy and Sakagawa (1977) . They indi-  
cate t h a t  the  range of M i s  0.67-0.91 f o r  yel lowfin tuna and 0.64-0.93 f o r  
sk ip jack  tunap  and the  mean f o r  both spec ies  i s  approximately 0.8. Since M 
i s  g r e a t l y  underestimated f o r  la rvae  and juven i l e s ,  it would be reasonable 
t o  use the  higher M f o r  both species .  
opera t ions  thus would be approximately 1.2 m i l l i o n  sk ip jack  tuna and 0.6 
m i l  l i o n  ye1  lowf i n  tuna. 

The n e t  l o s ses  due t o  OTEC p lan t  

For o the r  f i s h ,  such as reef and deep demersal types,  t he  e f f e c t  on 
recrui tment  cannot be measured u n t i l  eggs and l a rvae  have been i d e n t i f i e d  
and more complete information about t h e i r  biology and ecology has been 
obtained 

5, Recent developments 

The d iscuss ion  above was based on OTEC p l an t  placement between 1 and 
2 m i  o f fshore ,  and the discharge lo'cated a t  a depth of about 100 m and w e l l  
away from t h e  bottom. 
p lan t  could be located wi th in  1 m i  from shore a t  a depth of 50 m. 
d ischarge i s  t o  be led  through a pipe t o  t h e  100-m ledge, and re leased  i n  a 
downward t r a j e c t o r y  over t he  escarpment, where the  depth drops of f  from 100 
t o  900 m over a d i s t ance  of 4.6 km. The warmwater in t ake  f ac ing  shoreward 
a t  the  p l a n t s i t e  w i l l  have a mouth opening 20 m wide and 30 rn deep so t h a t  
it w i l l  be 10 m below the  sur face  and 10 m of f  t h e  bottom. I n  a d d i t i o n  t o  
t h e  su r face  water ,  w a r m  e f f l u e n t  from the  e x i s t i n g  e l e c t r i c  powerplant w i l l  
be u t i l i z e d  t o  heat  the  working Eluid.  
some sand, which eventual ly  w i l l  be discharged i n  the  OTEC p l an t  e f f luen t .  
The sedimentation caused by the  e f f l u e n t  thus  w i l l  be a new element 
a f f e c t i n g  the  environment near  the  discharge point .  

There should be l i t t l e  change ia the  eggs and la rvae  en t ra ined  i n  

Recent development i n  planning ind ica t e s  t h a t  t he  
The 

This powerplant e f f l u e n t  conta ins  

il 

the  warmwater i n t ake  system, but major changes could occur t o  the  bottom 
fauna below the  discharge point .  There w i l l  be a buildup of sand on t h e  
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escarpment which could change the  h a b i t a t  from rocky t o  sandy bottom of 
choice market f i s h ,  such as t h e  snappers. These f i s h ,  which occupy a depth 
range of 70 t o  300 m (Rals ton 19801, thus could be d r iven  off  the d ischarge  
area. Although t h e  immediate e f f e c t s  may not be severe,  t he  a f f ec t ed  area 
could become extens ive  over t i m e  and eventual ly  d r i v e  out these  f i s h  from 
l a rge  t r a c t s  of bottom. 

B. Puerto Rico 

1. F i she r i e s  

The t i s h e r y  i n  Puerto Rico i s  l a r g e l y  an inshore  f i s h e r y  which i n  
1978 produced 2.5 m i l l i o n  kg of f i n f i s h  (Weiler and Suarez-Caabro 1980) 
Fishing i s  done from small boa ts ,  usua l ly  (7.6 m (25  f t )  long, and with 
gear  r equ i r ing  few men. I n  1978 the  h ighes t  production was from f i s h  pots  
(53.3%) 
(8.2%), beach se ine  (7.7%), and o t h e r s  (1 ,4%);  and the  production, by coakt 
were: west (46%),  south (25%),  e a s t  (20x1, and nor th  (9%).  

followed i n  order  by handline (20.7%), t r o l l  (8.7%), g i l l  net 

On the  east coas t ,  where the  OTEG p lan t  w i l l  be loca ted ,  t h e  
p r i n c i p a l  f i s h e s  taken are va r ious  spec ies  of groupers (Serranidae)  25%, 
grun t s  (Pomadasyidae) 19%, and snappers (Lut janidae)  18%. Other f i s h e s  
taken i n  much smal le r  q u a n t i t i e s  are  mackerels (Scomberomorus) 6%, g o a t f i s h  
(Mullidae) 5%, t r i g g e r f i s h  ( B a l i s t i d a e )  5%, and porgy (Sparidae)  4%. The 
remainder, which includes t runkf i sh  (Ost rac i idae)  , wrasse (Labridae) , par- 
r o t f i s h  (Scar idae)  , barracuda (Sphyranidae) , tunas (Scombridae) , j acks  
(Carangidae) , mulle t  (Mugilidae) , and half-beak (Hemiramphidae) , account 
f o r  18% of the  production. 

2. Effec t s  on f i s h e r i e s  

The e f f e c t s  on f i s h e r i e s  o f f  Punta Tuna on t h e  east coast  would be 
s imilar  t o  those  off  Kahe Point ,  H a w a i i .  
f i s h e s ,  such as tunas ,  b i l l f i s h e s ,  mackerels, some jacks ,  and some demersal 
f i s h e s  with buoyant eggs,  such as snappers,  w i l l  be minimally a f f ec t ed  by 
OTEC p lan t  opera t ion .  As i n  H a w a i i ,  very l i t t l e  i s  known about t he  biology 
of most reef -  and bottom-dwelling forms. Consequently, t he  ex ten t  of 
damage t o  eggs and l a rvae  of these  f i s h e s  cannot be estimated. Some minor 
changes could occur t o  the  environment inhabi ted by the  a d u l t s  of the th ree  
most important f i s h e s .  Groupers, g run t s ,  and snappers normally are found 
i n  depths  ranging from 75 t o  290 m i n  H a w a i i .  
s imilar depths  o f f  Puerto Rico, they would most l i k e l y  be found i n  water 
ranging from 23" t o  13.5'C. 
water a t  a depth around 100 m, t h e r e  would be a lowering of t h e  h a b i t a t  
temperature by about 8°C o r  less. 
perhaps t h e  porgies  a l s o ,  t o  move away from t h e  s i t e  of t h e  o u t f a l l .  

Eggs and l a rvae  of pe lag ic  

I f  these  f i s h e s  occur i n  

Since the  discharge temperature i s  15.5'C 

This could f o r c e  the groupers ,  and 

I n d i r e c t  e f f e c t s  could occur from increased primary production a t  the  
Whether t h i s  w i l l  be b e n e f i c i a l  o r  de t r imenta l  t o  t h e  discharge depth. 

demersal f i s h  spec ies  has y e t  t o  be  determined. 
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V. S O W Y  AND CONCLUSION 

This document presents  a review of pe r t inen t  opera t ing  condi t ions  of 
a 40 MW UTEC p i l o t  p l an t  present ly  being planned f o r  s i tes  off  Rahe Point ,  
Hawaiip and Punta Tuna, Puerto Rico, t h e  f a c t o r s  t h a t  may a f f e c t  t h e  f i sh -  
eries$ and the  f i s h e r i e s  a f fec ted  a t  the  two sites. 

an t s i t e  w i l l  be s l i  
a depth of 10-30 

water in take  &t a depth of 860- m. The mixed water tit 
ory over an esca 

the  depth drops from 160 t o  900 m over a d i s t ance  of 4'6 km, 

The flow rate  f o r  the warmwater in take  will be about 4 F~/s/MW o t  

a t  a depth of 100 m i n  

roughly 13.8 m i l l i o n  m3/day f o r  a 46 hiW plant. 
expected i n  the cold water in take ,  

A s l a r  flow ra te  is 

The plant opera t ion  is expected t o  af  
l a rge  juven i l e s  and small, weak-sw ways: 

the  zntake screen;  eggs and l a rvae  and ma l l  juveniles cap 
through t h e  in t ake  screen will be en t ra ined  and exposed t o  
in  temperature,  b ioc ides ,  and phyeical damage3 and egg8 and larvae would be 
exposed t o  these same f a c t o r s  i n  the  discharge plume. 

As i n  e x i s t i n g  powerglant opera t ions  
upon f i s h  eggs and larvae during paj3sage t 
major cause of damage, 
l O O X ) ,  whereas, mor t a l i t y  due t o  b ioc ide  t 
temperature could be n e g l i g i b l e e  

a1 stresses i n f l i c t e  
he'OTEC plan t  w i l l  b 
s could be high Cup t o  

and r ap id  changes i I p  

Mortal i ty  from these  

The p r i n c i p a l  f i s h e r i e s  off  Kahe Point t h a t  would be a f fec t ed  by OTEC 
t i o n s  include those of s ix  pe lag ic  and two demersal f i s h  groups 
g 98% of t h e  area's t o t a l  annual production, The pelag ic  forms 
una (mainly sk ip jack  and yel lowfin)  b i l l f i s h  ( P a c i f i c  b lue  and 

s t r i p e d  mar l in) ,  dolphin,  wahooo bonefish,  and jacks ( p r i n c i p a l l y  scad)  
The demersal forms include g o a t f i s h  ( s i x  species) and snappers ( e i g h t  
species 1 

the  warm in t ake  and d ischarge  poin ts ,  rough es t imates  of the  ex ten t  of 
damage trom plan t  operat ione can be made. 
gntrainment, 17.1 mi l l i on  sk ip jack  and 6.9 m i l l i o n  yel lowfin tuna  larvae 
could be k i l l e d  each spawning season. Adjusting these  va lues  t o  r e f l e c t  
losses due t o  na tu ra l  m o r t a l i t y  (assuming M of 0.93 f o r  sk ip jack  tuna and 
0.91 for yel lowfin tuna ) ,  t he  n e t  loss due s t r i c t l y  t o  p l an t  operati 
would be approximately 1.2 m i l l i o n  sk ip jack  and 0.6 m i l l i o n  yel lowfin tuna 
larvae. 
k i l l e d  per season. 
mated s ince  M i s  not  known f o r  these  species.  Estimates of damages t o  
o the r  f i s h  l a rvae  i n  the  Kahe Point  area cannot be made due t o  l ack  of 
pe r t inen t  information. 

Based on dens i ty  values  of tuna and b i l l f i s h  la rvaesa t  depths  near  

Assuming t o t a l  mor t a l i t y  during 

Calcula t ions  f o r  b i l l f i s h  la rvae  y i e l d s  an estimate of 1.4 m i l l i o n  
The ne t  lass due t o  p l an t  opera t ions  cannot be  e s t i -  
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The OTEC p l an t  i s  expected t o  func t ion  a8 a FAD and a t t r a c t  f i s h  from 

h i m ,  mackerels, and carangids w i l l  entuafliy r e s u l t  i n  concen- 
nings around the  p l an t ,  sub jec t ing  e than the  usua l  amounts 

ad jacent  a r eas .  Any bui ld  up of l a rge  aggregat ions of f i s h e s ,  such as 

larvae t o  entrainment ef feces  

Ef fec t s  of OTEC p l an t  opera t ions  on the  f i s h e r  
The e f f e c t s  of rec  Re recrui tment  process.  

p a r t i c u l a r l y  tunas,  w i l l  not be not iceable  because mos 
t s  from the  e a s t e r n  P a c i f i c  f i s h e r y ,  t h e  northwestern P a c i f i c ,  

t o r i a l  waters.  The e f f e c t s  of recrui tment  on bottoa and 
shes would most l i k e l y  be f e l t  i n  areas f a r t h e r  downatre 
ts i te .  Because the  preva i l ing  cu r ren t s  c a r r y  the  eggs an 
t h e  coast  ahd out  i n t o  open ocean, t h e  f u l l  impact of t he  

damages caused by the  p l an t  may not be apparent a t  the  p l a n t s i t e .  

e f f e c t s  could occur i n  t h e  demersal f i she ry .  I f  t h e  warn 
the  e x i s t i n g  powerplant i s  a l s o  used t o  hea t  t h  
d p a r t i c l e s  contained i n  t h i s  e f f l u e n t  w i l l  eve 

discharged over the  escarpment. 
over a per iod of time, blanket  t he  rocky bottom near  the  d ischarge  po in t  
and thus f o r c e  such spec ies  as the  snappers,  groupers ,  and g run t s  t o  
c a t e  i n  o the r  areas. 
however, s ince  these  spec ies  comprise only a small por t ion  (163%) of 
t o t a l  f i s h  production o f f  Kahe Point ,  

The sand p a r t i c l e s  could bu i ld  up and, 

The n e t  e f f e c t  t o  t h e  f i s h e r y  should Be n e g l i g i  

i p a l  f i s h e r i e s  o f f  Punta Tuna include fou r  demersal and one 
t i n g  721% of the  f i s h  taken 
oup includes:  groupers (14 

ies), snappers (14 spec ie s ) ,  and porgies ( 3  spec ie  
group is composed of mackerels ( 2  spec ie s ) .  
tPtnas, marlins, dolphins ,  and j acks ,  comprising 1.8% of the  t o t a l  f i s h  
production, are caught i n  small  numbers. 

Other pe lag ic  f i s h e s ,  such a8 

The e f f e c t s  of OTEC p l an t  opera t ions  on pe lag ic  f i s h e s  o f f  Punta Tuna 
w i l l  be i n s i g n i f i c a n t .  
estimated i n  the  absence of appropr ia te  d a t a  and b io log ica l  i n fomat ion .  

The e f f e c t s  on demersal and reef  f i s h e s  cannot be 
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